(19) 



(12) 



(43) Date of publication: 

22.11.2000 Bulletin 2000/47 

(21) Application number; 00110478.5 

(22) Date of filing: 17.05.2000 



Europalsches Patentamt 
European Patent Office 

Office europeen des brevets (11) EP1 054157 A2 

EUROPEAN PATENT APPLICATION 

(51) lnt.Cl7: F04B 39/10 



(84) Designated Contracting States: 


• Morishita, Atsuyuki 


AT BE CH CY DE DK ES Fl FR GB GR IE TV LI LU 


Kariya-shi, Aichi-ken, 448-8671 (JP) 


MC NL PT SE 


• Murase, Masakazu 


Designated Extension States: 


Kariya-shi, Aichi-ken, 448-8671 (JP) 


AL LT LV MK RO SI 


• Ohyama, Katsuya 




Kariya-shi, Aichi-ken, 448-8671 (JP) 


(30) Priority: 19.05.1999 JP 13867499 


• Kawaguchi, Masahiro 


Kariya-shi, Aichi-ken, 448-8671 (JP) 


(71) Applicant: 




Kabushiki Kaisha Toyoda Jidoshokki 


(74) Representative: 


Seisakusho 


Hoeger, Stellrecht & Partner 


Aichi-ken 448-8671 (JP) 


Uhlandstrasse14c 




70182 Stuttgart (DE) 


(72) Inventors: 




• Murase, Muneharu 




Kariya-shi, Aichi-ken, 448-8671 (JP) 





CM 
< 

o 



LJJ 



(54) Structure of suction valve of piston type compressor 



(57) In the suction valve structure of the piston type 
connpressor of the present invention, the primary suc- 
tion valve 38 is a flexible defornning valve connposed of 
a deforming section 381 , which is supported and bent 
by a cantilever method, and a closing section 382 which 
connects with a fonward end of the deforming section 
381 and closes the primary suction port 21 . The auxil- 
iary suction valve 39 is a flexible defomning valve com- 
posed of a deforming section 391 , which is supported 
and bent by a cantilever method, and a closing section 
392 which connects with a forward end of the deforming 
section 391 and closes the auxiliary suction port 22. In 
the present invention, the length of the defomning sec- 
tion 381 of the primary suction valve 38 is approximately 
the same as that of the deforming section 391 of the 
auxiliary suction valve 39, however, the width of the 
deforming section 381 of the primary suction valve 38 is 
made larger than that of the deforming section 391 of 
the auxiliary suction valve 39. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a structure 
of a suction valve of a piston type compressor In which 
a suction port for sucking refrigerant gas is opened and 
closed by the suction valve, and the refrigerant gas is 
sucked into a cylinder bore by the suction valve which is 
pulled apart from the suction port by a sucking motion of 
a piston arranged in a cylinder bore. 

2. Description of the Related Art 

[0002] In the case of a piston type compressor dis- 
closed in Japanese Unexamined Patent Publication No. 
9-273478, while a suction valve is being moved from a 
closing position to the maximum open position, at which 
the degree of opening becomes maximum, vibration of 
the suction valve is caused, and sucking pulsations are 
caused by this vibration of the suction valve. These 
sucking pulsations vibrate an evaporator incorporated 
into an external refrigerant circuit and generate noise. In 
Japanese Unexamined Patent Publication No. 2- 
161182, there is disclosed a suction valve structure for 
preventing the occurrence of vibration of the suction 
valve. In this conventional device, two suction ports are 
arranged for one cylinder bore, one is a primary suction 
port, and the other is an auxiliary suction port. The pri- 
mary suction port is opened and closed by a primary 
suction valve, and the auxiliary suction port is opened 
and closed by an auxiliary suction valve. When the pis- 
ton starts its sucking motion, first, the auxiliary suction 
valve starts moving from a position at which the auxil- 
iary suction port is closed by the auxiliary suction valve 
to a position at which the auxiliary suction valve comes 
into contact with an engaging recess so that the maxi- 
mum degree of opening can be determined. Next, the 
primary suction valve starts moving from a position at 
which the primary suction port is closed by the primary 
suction valve to a position at which the primary suction 
valve comes into contact with an engaging recess so 
that the maximum degree of opening can be deter- 
mined. The auxiliary suction valve is moved to the posi- 
tion at which the maximum degree of opening of the 
auxiliary valve can be obtained before the primary suc- 
tion valve is moved to the position at which the maxi- 
mum degree of opening of the primary valve can be 
obtained. Since the auxiliary suction valve is integrally 
formed on the primary valve in an opposite direction, 
when the auxiliary suction valve comes into contact with 
the engaging recess, the occurrence of the vibration of 
the entire suction valve can be suppressed. 
[0003] However, according to the structure in which 
the auxiliary suction valve is integrally arranged in the 
opposite direction on the primary suction valve which is 



moved in the same manner as that of the auxiliary suc- 
tion valve, it becomes difficult to set a degree of the eas- 
iness of opening the auxiliary and the primary suction 
valve. Both the auxiliary and the primary suction valve 
5 are flexible valves, in which deflection is caused in such 
a manner that the closer to thef onward end portions, the 
more deflection is caused in the valves. However, in the 
above structure, there is a restriction that the length of 
the auxiliary suction valve arranged on the primary sue- 
to tion valve, that is, the distance from the root of the aux- 
iliary valve to the auxiliary suction port is approximately 
half of the distance from the primary suction port to the 
auxiliary suction port. Due to the above restriction, it 
becomes difficult to easily open the auxiliary suction 
75 valve, and further it becomes difficult to ensure the max- 
imum degree of opening of the valve within the limit of 
elasticity. When it is difficult to open the auxiliary suction 
valve, it becomes difficult to suppress the occurrence of 
self-excited vibration. 

20 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to pro- 
vide a structure of a suction valve of a piston type com- 
25 pressor effective for preventing the occurrence of 
abnormal sounds caused by vibration of the suction 

valve. 

^0005] In order to accomplish the above object, the 
present invention provides a structure of a suction valve 

30 of a piston type compressor in which a suction port for 
sucking refrigerant gas is opened and closed by the 
suction valve, and the refrigerant gas is sucked into a 
cylinder bore by the suction valve which is pulled apart 
from the suction port by a sucking motion of a piston 

35 arranged in a cylinder bore, the structure of the suction 
valve comprising: a plurality of suction ports corre- 
sponding to one cylinder bore; a plurality of suction 
valves corresponding to each suction port, respectively; 
a plurality of maximum opening degree restricting 

40 means for restricting the maximum opening degree of 
each suction valve when the maximum opening degree 
restricting means comes into contact with each suction 
valve, corresponding to each suction valve, respec- 
tively; and a plurality of opening performance restricting 

45 means for restricting the opening performance of the 
suction valves to open the suction ports, corresponding 
to each suction port, respectively, wherein the opening 
and closing motions of the plurality of suction valves are 
made independent from each other, and the opening 

50 performance of at least one of the plurality of suction 
valves is enhanced more than the opening performance 
of at least one of the other suction valves. 
[0006] In a state in which a rate of flow is low, that 
is, in a state in which a rotating speed of a compressor 

55 is low or alternatively a variable capacity type compres- 
sor is operated in a small capacity condition, only a suc- 
tion valve, the opening performance of which is high, 
opens a suction port, and the opening performance is 
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set so that this suction valve can be immediately trans- 
ferred to the maximum opening degree position at which 
the suction valve comes into contact with the maximum 
opening degree restricting means, When the opening 
performance is set as described above, in a suction 
stroke of the piston In the state in which the rate of flow 
is low, only the suction valve, the opening performance 
of which is high, opens the suction port, and this suction 
valve can be immediately transferred to the maximum 
opening degree position. The above structure, in which 
the suction valve, the opening performance of which is 
high when a rate of flow is low, is immediately trans- 
ferred to the maximum opening degree position when 
the sucking motion is started, is effective for suppress- 
ing the occurrence of vibration of the suction valve. 
[0007] The present invention may be more fully 
understood from the description of a preferred embodi- 
ment set forth below, together with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00081 In the drawings: 

Fig. 1 is a cross -sectional side view showing an 
overall compressor of the first embodiment of the 
present invention; 

Fig. 2 is a cross-sectional view taken on line A - A in 
Fig. 1; 

Fig. 3 is a cross-sectional view taken on line B - B in 
Fig. 2; 

Fig. 4 is an enlarged cross-sectional view taken on 
line C - C in Fig. 1 ; 

Fig 5 is an enlarged cross-sectional view showing a 
primary portion of the second embodiment of the 
present invention; 

Fig 6 is an enlarged cross-sectional view showing a 
primary portion of the third embodiment of the 

present invention; 

Fig 7 is an enlarged cross-sectional view showing a 
primary portion of the fourth embodiment of the 
present invention; 

Fig 8 is an enlarged cross-sectional view showing a 
primary portion of the fifth embodiment of the 
present invention; and 

Fig 9 is an enlarged cross-sectional view showing a 
primary portion of the sixth embodiment of the 
present invention 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0009] Referring to Figs. 1 to 4. the first embodi- 
ment of the present invention, in which the present 
invention is applied to a variable capacity type compres- 
sor, will be explained below. 

[0010] As shown in Fig. 1 , there is provided a cylin- 
der block 11 , to the forward end portion of which a front 
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housing 12 is joined. There is provided a rear housing 
1 3 which is joined to the rear end portion of the cylinder 
block 1 1 via a partition plate 1 4. valve forming plates 1 5, 
16, and retainer forming plate 17. A rotating shaft 18 is 

5 supported by the front housing 1 2 and the cylinder block 
11 forming a control pressure chamber 121. The rotat- 
ing shaft 18 protrudes from the control pressure cham- 
ber 121 , and this rotating shaft 18 is given a drive force 
from an external drive force source such as an automo- 

10 bile engine (not shown) via a pulley (not shown) and a 
belt (not shown). 

[0011] A rotational support body 19 is fixed to the 
rotating shaft 18. A swash plate 20 is supported by the 
rotating shaft 18 in such a manner that the swash plate 

15 20 can slide in the axial direction of the rotating shaft 1 8 
and tilted with respect to the rotating shaft 18. The 
swash plate 20 can be tilted in the axial direction of the 
rotating shaft 18 and rotated integrally with the rotating 
shaft 1 8 by the cooperation of a guide pin 23 attached to 

20 the swash plate 20 with a guide hole 25 formed on the 
rotational support 19. The swash plate 20 can be tilted 
by the relation of sliding guide between the guide hole 
25 and the guide pin 23 and guided by the sliding sup- 
port action of the rotating shaft 1 8. The guide pin 23 and 

25 guide hole 25 compose a hinge mechanism for tilting 
the swash plate 20. 

[0012] When the radial center of the swash plate 20 
is moved to the side of the rotational support body 1 9, 
the tilt angle of the swash plate 20 is increased. When 

30 the radial center of the swash plate 20 is moved onto the 
side of the cylinder block 1 1 , the tilt angle of the swash 
plate 20 is decreased. The minimum tilt angle of the 
swash plate 20 is restricted by the contact of the snap 
ring 28 attached to the rotating shaft 18 with the swash 

35 plate 20. The maximum tilt angle of the swash plate 20 
is restricted by the contact of the rotational support body 
19 with the swash plate 20. The solid line of the swash 
plate 20 in Fig. 1 shows the minimum tilt angle position 
of the swash plate 20, and the chain line of the swash 

40 plate 20 in Fig. 1 shows the maximum tilt angle position 
of the swash plate 20. 

[0013] As shown in Fig. 2, a plurality of bores 111 
are formed in the cylinder block 1 1 . In this example, five 
bores 111 are fonned. The plurality of bores 111 are 

45 arranged round the rotational axis 18 at regular inter- 
vals. A piston 26 is accommodated in each cylinder 111. 
The rotational motion of the swash plate 20 is converted 
into the reciprocating motion of each piston 26 via a 
shoe 27. Therefore, each piston 26 is reciprocated in 

50 the cylinder bore 1 11 in the longitudinal direction. 

[0014] As shown in Figs. 1 and 4, there are formed 
a suction chamber 131 and discharge chamber 132 in 
the rear housing 13. The discharge chamber 132 sur- 
rounds the side of the suction chamber 131 via a bulk- 

55 head 1 33. On the rear wall of the rear housing 13, there 
is provided a supply passage 40. The supply passage 
40 crosses the discharge chamber 1 32 from the circum- 
ferential wall of the rear housing 13 and communicates 
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with the suction chamber 1 31 , There are provided a pri- 
mary suction port 21 and auxiliary suction port 22 corre- 
sponding to each cylinder bore 111 on the partition 
plate 14, valve forming plate 16 and retainer forming 
plate 1 7. There is provided a discharge port 24 corre- 
sponding to each cylinder bore 111 on the partition 
plate 14 and the valve forming plate 15. On the valve 
forming plate 15, there are provided a primary suction 
valve 38 and auxiliary suction valve 39. On the valve 
forming plate 16, there is provided a discharge valve 
1 61 . The primary suction valve 38 opens and closes the 
primary suction port 21, and the auxiliary suction valve 
39 opens and closes the auxiliary suction port 22. The 
discharge valve 161 opens and closes the discharge 
port 24. As shown in Fig. 3, the maximum opening 
degree restricting recesses 29, 30 are formed in each 
cylinder bore 111. The maximum opening degree 
restricting recess 29 restricts the maximum opening 
degree of the primary suction valve 38, and the maxi- 
mum opening degree restricting recess 30 restricts the 
maximum opening degree of the auxiliary suction valve 
39. The depth of the maximum opening degree restrict- 
ing recess 29 is larger than the depth of the maximum 
opening degree restricting recess 30. The maximum 
opening degree of the primary suction valve 38 is larger 
than the maximum opening degree of the auxiliary suc- 
tion valve 39. 

[0015] When the piston 26 conducts discharging 
operation, refrigerant gas is discharged from the cylin- 
der bore 111 into the discharge chamber 132 via the 
discharge port 24 while the refrigerant gas is putting 
away the discharge valve 161 by its pressure. The 
opening degree of the discharge valve 161 is restricted 
in such a manner that the discharge valve 161 comes 
into contact with the retainer 171 arranged on the 
retainer forming plate 1 7. After the refrigerant has been 
discharged into the discharge chamber 132, it is 
returned from the supply passage 40 into the suction 
chamber 131 via the condenser 32, expansion valve 33 
and evaporator 34 incorporated into the external refrig- 
erant circuit 31 arranged outside the compressor. 
[0016] On the pressure supply passage 35 (shown 
in Fig. 2) connecting the discharge chamber 132 with 
the control pressure chamber 121, there is provided an 
electromagnetic type capacity control valve 36. The 
refrigerant is supplied from the discharge chamber 1 32 
into the control pressure chamber 121 via the pressure 
supply passage 35. A controller (not shown in the draw- 
ing) conducts magnetizing and demagnetizing control 
on the electromagnetic type capacity control valve 36. 
Therefore, magnetization and demagnetization of the 
electromagnetic type capacity control valve 36 are con- 
trolled by the controller according to the passenger 
compartment temperature detected by a passenger 
compartment temperature detector (not shown) for 
detecting the passenger compartment temperature of 
an automobile and also according to a target passenger 
compartment temperature that has been set by a pas- 



senger compartment temperature setting device (not 
shown). 

[0017] The refrigerant gas flows from the control 
pressure chamber 121 into the suction chamber 131 via 

5 a pressure releasing passage 37 (shown in Fig. 2). 
When the electromagnetic type capacity control valve 
36 is demagnetized, no refrigerant gas is sent from the 
discharge chamber 132 to the control pressure cham- 
ber 121. Accordingly, a difference in the control pres- 

10 sure in the control pressure chamber 121 and the 
suction pressure via the piston 15 is decreased. There- 
fore, the swash plate 14 is transferred onto the maxi- 
mum tilting angle side. When the electromagnetic type 
capacity control valve 36 is magnetized, refrigerant gas 

15 is sent from the discharge chamber 1 32 into the control 
pressure chamber 121 via the pressure supply passage 
35. Accordingly, a difference between the control pres- 
sure in the control pressure chamber 121 and the suc- 
tion pressure via the piston 15 is increased. Therefore, 

2o the swash plate 14 is transferred onto the minimum tilt- 
ing angle side. 

[0018] As shown in Figs. 2 and 3, the profiles of the 
primary suction port 21 and the auxiliary suction port 22 
are circular, and the diameter of the primary suction port 

25 21 is larger than that of the auxiliary suction port 22. 
The primary suction valve 38 is a flexible deforming 
valve including a deforming section 381, which is sup- 
ported by a cantilever method, and a closing section 
382, for closing the primary suction port 21 , connected 

30 with a forward end portion of the deforming section 381 . 
The auxiliary suction valve 39 is a flexible deforming 
valve including a deforming section 391, which is sup- 
ported by a cantilever method, and a closing section 
392. for closing the auxiliary suction port 22, connected 

35 with a forward end portion of the deforming section 391 . 
Length R of the deforming section 381 of the primary 
suction valve 38 is approximately the same as length r 
of the deforming section 391 of the auxiliary suction 
valve 39. However, width H of the deforming section 381 

49 of the primary suction valve 38 is larger than width h of 
the deforming section 391 of the auxiliary suction valve 
39. The primary suction valve 38 and the auxiliary suc- 
tion valve 39 extend from the discharge chamber 132 
side to the suction chamber 131 side in such a manner 

45 that they cross the cylinder bore 1 1 1 in the radial direc- 
tion of the rotating shaft 1 8 when a view is taken in the 
axial direction of the rotating shaft 1 8. 
[0019] When the swash plate 20 is set at a position 
close to the minimum tilting angle, a stroke of the piston 

50 26 is short, and the discharging capacity is small. In the 
above condition in which the rate of flow is low, the 
refrigerant gas flows from the suction chamber 131 into 
the cylinder bore 111 via the auxiliary suction port 22 by 
the sucking motion of the piston 26 while the refrigerant 

55 gas is pushing up the auxiliary suction valve 39 by its 
pressure, however, the primary suction valve 38 is kept 
while it closes the primary suction port 21 . When the tilt- 
ing angle of the swash plate 20 is increased as com- 
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pared with a state shown in Fig. 1, the stroke of the 

piston 26 is increased, and the discharging capacity is 
increased. When the discharging capacity is increased 
to a predeternnined value, the refrigerant gas also flows 
from the suction chamber 131 into the cylinder bore 111 5 
via the primary suction port 21 by the sucking motion of 
the piston 26 while the refrigerant gas is pushing up the 
primary suction valve 38 by Its pressure. 
[0020] It is possible for the first embodiment to pro- 
vide the following effects. 

[0021 ] Length R of the deforming section 381 of the 
primary suction valve 38 is approximately the same as 
length r of the deforming section 391 of the auxiliary 
suction valve 39. However, width H of the deforming 
section 381 of the primary suction valve 38 is larger i5 
than width h of the deforming section 391 of the auxil- 
iary suction valve 39. The thicknesses of the primary 
suction valve 38 and that of the auxiliary suction valve 
39, which are integrally formed on the valve forming 
plate 15. are the same. Therefore, the auxiliary suction 20 
valve 39 can be more easily opened than the primary 
suction valve 38, that is, the opening performance of the 
deforming section 391 is higher than the opening per- 
formance of the deforming section 381. Consequently, 
in the case of a low capacity, only the auxiliary suction 25 
port 22 is opened. After the auxiliary suction valve 39 
has opened the auxiliary suction port 22, it is immedi- 
ately transferred to the maximum opening degree posi- 
tion at which the auxiliary suction valve 39 comes into 
contact with the maximum opening degree restricting 30 
recess 30. Therefore, vibration of the auxiliary valve 39 
seldom occurs. When the discharging capacity is 
increased, the primary suction valve 38 also opens the 
primary suction port 21 . When the discharging capacity 
is increased, a rate of flow of refrigerant gas flowing 35 
from the suction chamber 1 31 into the cylinder bore 1 1 1 
is increased. When the rate of flow of refrigerant gas 
flowing from the suction chamber 131 into the cylinder 
bore 111 is increased, sucking pulsations caused by the 
vibration of the primary suction valve 38 are prevented 40 
from being transmitted to the evaporator 34. That is, in 
order to prevent the occun-ence of a bad influence 
caused by the vibration of the suction valves, it is suffi- 
cient that the vibration is prevented only when the refrig- 
erant flows at a low rate of flow. 
[0022] In this embodiment, the opening perform- 
ance is set as follows. When the refrigerant gas flows at 
a low rate of flow, only the auxiliary suction valve 39, the 
opening performance of which is high, opens the auxil- 
iary suction port 22 and is immediately transfen-ed to 50 
the maximum opening degree position at which the aux- 
iliary suction valve 39 comes into contact with the max- 
imum opening restricting recess 30. Accordingly, in a 
suction stroke of the piston 26 when the refrigerant gas 
flows at a low rate of flow, only the auxiliary suction 55 
valve 39, the opening perfomnance of which is higher 
than the opening performance of the primary suction 
valve 38, opens the auxiliary suction port 22 and is 



immediately transferred to the maximum opening 
degree position. When this arrangement is adopted in 
which the auxiliary suction valve 39 of high opening per- 
formance is immediately transferred to the maximum 
opening degree position when the refrigerant flows at a 
low rate of flow, the occurrence of vibration of the suc- 
tion valve can be effectively suppressed. 
[0023] The structure of a pair of flexible deforming 
valves 38, 39 integrally formed an the valve forming 
plate 15 is simple as a suction valve. The deforming 
section 381 of the primary suction valve 38 is a pushing 
means for pushing the primary suction valve 38 so that 
the primary suction port 21 can be closed. The deform- 
ing section 391 of the auxiliary suction valve 39 is a 
pushing means for pushing the auxiliary suction valve 
39 so that the auxiliary suction valve 39 can be closed. 
Concerning the pushing means, the lower the intensity 
of the pushing force is, the higher the opening perfonn- 
ance is enhanced. However, when length R of the 
deforming section 381 is the same as length r of the 
deforming section 391 , the intensity of the pushing force 
is determined by a difference between width H of the 
deforming section 381 and width h of the deforming sec- 
tion 391 . Width H of the deforming section 381 and 
width h of the deforming section 391 are simple factors 
for appropriately setting the opening performance. 
[0024] Diameter D of the primary suction port 21 is 
larger than diameter d of the auxiliary suction port 22, 
and the cross-sectional area of the primary suction port 
21 is larger than the cross-sectional area of the auxiliary 
suction port 22. The pressure acting on the closing sec- 
tion 382 of the primary suction valve 38 from the suction 
chamber side 131 is higher than the pressure acting on 
the closing section 392 of the auxiliary suction valve 39 
from the suction chamber side 131 . When diameter D of 
the primary suction port 21 and diameter d of the auxil- 
iary suction port 22 are changed, the pressure is also 
changed. The cross-sectional areas of the primary suc- 
tion port 21 and the auxiliary suction port 22 are, 
respectively, the opening performance restricting 
means for restricting the opening perfonnance of the 
primary suction valve 38 and the auxiliary suction valve 
39. When the width H of the deforming section 381 and 
the width h of the deforming section 391 , and the diam- 
eter D of the primary suction port 21 and the diameter d 
of the auxiliary suction port 22. are appropriately com- 
bined and selected, it becomes possible to conduct set- 
ting the opening performance of the primary suction 
valve 38 and the opening performance of the auxiliary 
suction valve 39. 

[0025] Since the circumference of the suction 
chamber 131 is sun-ounded by the discharge chamber 
132, the suction chamber, the profile of which is colum- 
nar, can be formed. When the circumference of the dis- 
charge chamber is sun-ounded by the suction chamber, 
the profile of the suction chamber becomes annular. 
The suction chamber 131 is provided for suppressing 
the occurrence of sucking pulsation. The columnar suc- 
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tion chamber 131 is superior to the annular suction 
chamber in suppressing the occurrence of sucking pul- 
sation. Since the outlet 401 of the supply passage 40 is 
located at a substantially equal distance from the pri- 
mary suction port 21 and the auxiliary suction port 22, 
pressure fluctuation at the outlet 401 can be minimized. 
In Japanese Unexamined Patent Publication No. 64- 
56583, there is a description of a position in the dis- 
charge chamber at which pressure fluctuation of the dis- 
charging pulsation can be minimized. The same can be 
said with respect to the sucking pulsation. Pressure 
fluctuation of the sucking pressure at the outlet 401 is 
transmitted from the supply passage 40 to the external 
refrigerating circuit 31 as sucking pulsation, and the 
evaporator 34 arranged In the passenger compartment 
of an automobile is vibrated by the action of sucking pul- 
sation caused by the resonance frequency. However, 
since the sucking pulsation is minimized, an intensity of 
noise caused by the vibration of the evaporator 34 is 
low. 

[O026] The primary suction valve 38 and the auxil- 
iary suction valve 39 extend from the discharge cham- 
ber 132 side to the suction chamber 131 side in such a 
manner that they cross the cylinder bore 111 in the 
radial direction of the rotating shaft 18 when a view is 
taken in the axial direction of the rotating shaft 18. 
Therefore, the deforming sections 381 , 391 can be set 
at a length close to the diameter of the cylinder bore 
111. That is, the degree of freedom of setting the 
lengths of the deforming sections 381, 391 is high, and 
the degree of freedom of setting the maximum opening 
degree of the primary suction valve 38 and the auxiliary 
suction valve 39 is high when consideration Is given to 
the elastic limit of material of the primary suction valve 
38 and the auxiliary suction valve 39. The maximum 
opening degrees of the primary suction valve 38 and the 
auxiliary suction valve 39 have influence on the pres- 
sure loss of suction, that is, the lower the pressure loss 
of suction is, the higher the volumetric efficiency is 
increased. Due to the high degree of freedom of setting 
the maximum opening degrees of the primary suction 
valve 38 and the auxiliary suction valve 39, the maxi- 
mum opening degrees of the primary suction valve 38 
and the auxiliary suction valve 39 can be easily set 
while consideration is given to the volumetric efficiency. 
[0027] Next, referring to Fig. 5, the second embodi- 
ment will be explained as follows. Like reference char- 
acters are used to indicate like parts in the first and the 
second embodiment. 

[0028] The diameter of the primary suction port 21 
and that of the auxiliary suction port 22 are the same. 
Therefore, the cross-sectional area of the primary suc- 
tion port 21 and that of the auxiliary suction port 22 are 
the same. The width of the deforming section 41 1 of the 
primary suction valve 41 is approximately the same as 
that of the deforming section 421 of the auxiliary suction 
valve 42, however, the length of the deforming section 
41 1 is shorter than the length of the deforming section 



421. The pressure given to the closing section 412 of 
the primary suction valve 41 from the suction chamber 
131 side at the start of a suction stroke is the same as 
that given to the closing section 422 of the auxiliary suc- 

5 tion valve 42 from the suction chamber 131 side. How- 
ever, since the length of the deforming section 41 1 is 
different from the length of the deforming section 421, 
the opening performance of the auxiliary suction valve 
42 is higher than that of the primary suction valve 41. 

70 Therefore, when a rate of flow of the refrigerant is low, 
only the auxiliary suction port 22 is opened. When the 
widths of the deforming sections 411, 421, which are 
the pushing means, are the same, a difference in the 
length between the deforming sections 411 and 421 

75 determines a difference in the pushing force. When the 
opening performance is appropriately set, the lengths of 
the deforming sections 41 1 , 421 are factors capable of 
being simply adjusted. 

[0029] In the third embodiment shown in Fig. 6, the 

20 diameter of the primary suction port 21 and that of the 
auxiliary suction port 22 are the same. Therefore, the 
cross-sectional area of the primary suction port 21 and 
that of the auxiliary suction port 22 are the same. The 
length of the deforming section 431 of the primary suc- 

25 tion valve 43 is approximately the same as that of the 
deforming section 441 of the auxiliary suction valve 44, 
however, the width of the deforming section 431 is 
longer than the width of the deforming section 441 . The 
pressure given to the closing section of the primary sue ■ 

30 tion valve 43 from the suction chamber 131 side at th 
start of a suction stroke is the same as that given to th 
closing section of the auxiliary suction valve 44 from the 
suction chamber 131 side. However, since the width of 
the defomning section 431 is different from the width of 

35 the deforming section 441 , the opening performance of 
the auxiliary suction valve 44 is higher than that of the 
primary suction valve 43. Therefore, when a rate of flow 
of the refrigerant is low, only the auxiliary suction port 2? 
is opened. When the lengths of the deforming sect 

40 431, 441, which are the pushing means, are the Sc 
a difference in the width between the deforming sc 
tions 431 and 441 determines a difference in the push- 
ing force. When the opening performance is 
appropriately set, the widths of the deforming sections 

45 431 , 441 are factors capable of being simply adjusted. 
[0030] In the fourth embodiment shown in ;-ig. 7, a 
joining face 141 on the partition plate 1 4 for the auxiliary 
suction valve 39 is formed into a rough face. Lubr?cs?nt 
flowing together with refrigerant gas lubricatF ^orti:»ns 

50 in which lubrication is required. When the primary suc- 
tion valve 38 closes the primary suction port 21 and the 
auxiliary suction valve 39 closes the auxiliary suction 
port 22, the primary suction valve 38 and the auxiliary 
suction valve 39 adhere closely to the partition plate 14 

55 due to the lubricant. An intensity of the adhe^ . 
between the auxiliary suction valve 39 and r-.- ('uc,.-! 
face 141 is lowerthan that between the primt vj^Por 
valve 38 and the smooth face. Therefore, the opor.,tiy 
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performance of the auxiliary suction valve 39 is higher 
than that of the primary suction valve 38. The surface 
roughness of the joining face on the partition plate 1 4 for 
the primary suction valve 38 and the auxiliary suction 
valve 39 is the opening performance restricting means, 
that is, the higher the surface roughness on the joining 
face is, the higher the opening performance is 
enhanced. In order to appropriately set the opening per- 
formance, the surface roughness on the joining face is a 
factor capable of being easily adjusted. 
[0031 J In the fifth embodiment shown in Fig. 8, an 
annular groove 142, the profile of which is circular, is 
formed round the auxiliary suction port 22. A circumfer- 
ential edge portion of the closing section 392 of the aux- 
iliary suction valve 39 protrudes onto the annular groove 
142. A joining area of the closing section 392 with 
respect to the partition plate 14 differs by the presence 
of the annular groove 142 or the profile of the annular 
groove 142. An adhering force between the auxiliary 
suction valve 39 and the partition plate 14 is lower than 
that between the primary suction valve 38 and the parti- 
tion plate 1 4. Therefore, the opening performance of the 
auxiliary suction valve 39 is higher than that of the pri- 
mary suction valve 38. The annular groove 142 
becomes an opening performance restricting means, 
that is, the larger the overlapping area between the 
annular groove 142 and the auxiliary suction valve 39 is, 
the higher the opening performance is enhanced. 
[0032] In order to appropriately set the opening per- 
formance, the annular groove 142 is a factor capable of 
being simply adjusted, 

[0033] In the sixth embodiment shown in Fig. 9, a 
diameter of the opening 221 of the auxiliary suction port 
22 on the cylinder bore 1 1 1 side is larger than that of the 
opening 222 on the suction chamber side 131. The 
larger the diameter of the auxiliary suction port 22 on 
the cylinder bore 1 1 1 side is, the higher the opening 
perfomnance of the auxiliary suction valve is enhanced. 
Due to the above structure in which a difference is made 
between the diameter of the opening 221 and that of the 
opening 222, the cross-sectional area of the auxiliary 
suction port 22 suitable for a small capacity can be eas- 
ily set, and further the opening performance suitable for 
suppressing vibration of the suction valve can be easily 
set. 

[0034] The present invention is not limited the 
above specific embodiments. It is possible to adopt the 
following embodiments. 

[0035] Thickness of the deforming section of the 
suction valve is made to be an opening performance 
restricting means. The smaller the thickness of the 
deforming section is, the higher the opening perform- 
ance is enhanced. In this case, the primary and the aux- 
iliary suction valve may be formed separately from the 
valve fonning plate. 

[0036] Alternatively, at least two of the width of the 
deforming section of the suction valve, the length of the 
deforming section, the thickness of the defomiing sec- 



tion and the cross-sectional area of the suction port may 
be adjusted so as to set the opening performance. 
[0037] Further, suction valves, the number of which 
is not less than three, may be made to correspond to 

5 one cylinder bore. 

[0038] Furthermore, the opening performance of at 
least one of the plurality of suction valves corresponding 
to one cylinder bore may be enhanced more than the 
opening performance of at least one of other suction 

10 valves. 

[0039] Furthermore, the sixth embodiment may be 
applied to the primary suction valve 38. 
[0040] Furthermore, the present invention can be 
applied to a constant capacity type piston type com- 
75 pressor. 

[0041] As described above in detail, according to 
the present invention, the opening and closing motions 
of a plurality of suction valves con-esponding to one cyl- 
inder bore are made independent from each other, and 

20 the opening performance of at least one of the plurality 
of suction valves is enhanced more than the opening 
performance of at least one of other suction valves: 
Therefore, the present invention can provide an excel- 
lent effect that the generation of abnormal sounds 

25 caused by vibration of the suction valves of a piston type 
compressor can be effectively prevented. 
[0042] While the invention has been described by 
reference to specific embodiments chosen for purposes 
of illustration, it should be apparent that numerous mod- 

30 ification could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 

Claims 

35 

1. A Structure of a suction valve of a piston type com- 
pressor in which a suction port for sucking refriger- 
ant gas is opened and closed by the suction valve, 
and refrigerant gas is sucked into a cylinder bore by 
40 the suction valve which is pulled apart from the suc- 
tion port by a sucking motion of a piston arranged in 
a cylinder bore, the structure of the suction valve 
comprising: 

45 a plurality of suction ports corresponding to 

one cylinder bore; 

a plurality of suction valves corresponding to 
each suction port, respectively; 
a plurality of maximum opening degree restrict- 
so ing means for restricting the maximum opening 
degree of each suction valve when the maxi- 
mum opening degree restricting means comes 
into contact with each suction valve, con-e- 
sponding to each suction valve, respectively; 
55 and 

a plurality of opening perfonnance restricting 
means for restricting the opening performance 
of the suction valves to open the suction ports, 



7 



BNSDCX;iD: <EP 1054157A2J_> 



13 



EP1 054157 A2 



14 



corresponding to each suction port, respec- 
tively, 

wherein the opening and closing motions of the 
plurality of suction valves are made independ- 
ent from each other, and the opening perform- 5 
ance of at least one of the plurality of suction 
valves is enhanced more than the opening per- 
formance of at least one of the other suction 
valves. 

10 

2. A structure of a suction valve of a piston type com- 
pressor according to claim 1 , wherein the opening 
performance restricting means is an area of the 
cross section of each suction port. 

15 

3, A structure of a suction valve of a piston type com- 
pressor according to claim 1 , wherein the opening 
performance restricting means is means for push- 
ing the suction valve in the direction of closing the 
suction port. 20 



the discharge chamber via the discharge port 
formed on the partition plate. 

A structure of a suction valve of a piston type com- 
pressor according to claim 7, wherein the suction 
valve is a flexible deforming valve, and the suction 
valve extends in the radial direction of the rotating 
shaft and in the axial direction of the rotating shaft 
in such a manner that it cross the cylinder bore. 



4. A structure of a suction valve of a piston type com- 
pressor according to claim 3. wherein the suction 
valve is a flexible deforming valve including a 
deforming section, which is supported by a canti- 25 
lever method, and a closing section for closing the 
suction port being connected with a forward end 
portion of the defomiing section, and the pushing 
means is the deforming section. 

30 

5. A structure of a suction valve of a piston type com- 
pressor according to claim 4, wherein the thick- 
nesses of the deforming sections of the plurality of 
flexible deforming valves are the same, and the 
opening performance of the deforming sections is 35 
made to differ when the widths of the deforming 
sections are made to differ. 



6- A structure of a suction valve of a piston type com- 
pressor according to claim 4, wherein the thick- 40 
nesses of the deforming sections of the plurality of 
flexible deforming valves are the same, the opening 
performance of the deforming sections is made to 
differ when the lengths of the deforming sections 
are made to differ. 45 



7- A structure of a suction valve of a piston type com- 
pressor according to claim 1 , wherein a plurality of 
pistons are arranged round a rotating shaft, the plu- 
rality of pistons are reciprocated in the cylinder so 
bores when the rotating shaft is rotated, the suction 
ports are formed on a partition plate for partitioning 
the suction chamber, the discharge chamber and 
the cylinder bore, the discharge chamber is formed 
so that it can surround the suction chamber, refrig- 55 
erant gas is sucked from the suction chamber into 
the cylinder bore via the suction port, and the refrig- 
erant gas is discharged from the cylinder bore into 
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(54) Structure of suction valve of piston type compressor 



(57) The suction valve assembly of a piston com- 
pressor consists of a primary (38) and an auxiliary (39) 
flexible valve. Both of the valves are composed of a de- 
forming section (381,391), which is supported and bent 
by a cantilever, and a closing section (382,392) connect- 
ed to the deforming section. The valves have approxi- 
mately the same length, but the primary valve has a wid- 
er deforming section (381). In case of low refrigerant 
flow rate, only the auxiliary valve opens due to smaller 
adhesion to the valve plate (14) because of its smaller 
cross section. 
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